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Table S1. Global textile mill consumption (Mt/year). Data adapted from referencel™,

Fiber type 2000 2010 2015 2020 2025 2030
Wool 1.455 1.117 1.132 1.122 1.153 1.176

Cotton 19.97 24.692 23.774 26.117 28.514 30.792

Cellulose-based fibers | 2.292 3.605 5.375 6.509 8.658 10.408
Acrylic 2.637 1.914 1.793 1.677 1.686 1.679
Nylon 4.044 3.688 4.107 5.051 5.739 6.302

Polyester 19.345 37.088 47.783 59.02 69.81 82.123
Polypropylene 2.916 3.58 4.262 5.332 6.336 7.582
Elastane 0.174 0.414 0.619 0.845 1.125 1.4

Total 52.659 75.684 88.226 104.828 | 121.896 | 140.062
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Table S2. Market share for different fiber types in textile applications [%].

Fiber type 2000 2010 2015 2020 2025 2030

Wool 2.8 1.5 1.3 1.1 0.9 0.8

Cotton 37.9 32.6 26.9 24.9 23.4 22.0
Cellulose-based fibers 4.4 4.8 6.1 6.2 7.1 7.4
Acrylic 5.0 25 2.0 1.6 1.4 1.2

Nylon 7.7 4.9 4.7 4.8 4.7 45
Polyester 36.7 49.0 54.2 56.3 57.3 58.6
Polypropylene 55 4.7 4.8 5.1 5.2 5.4
Elastaneld 0.3 0.5 0.7 0.8 0.9 1.0
Total 100.0 100.0 100.0 100.0 100.0 100.0

[ Asia has become dominant in mill consumption of elastane (as with other fibers). In 2000, Asia’s market share
was 48%, Greater Europe’s was 24% and the America’s was 28%. In 2020, Asia’s forecasted market share will
be 83%, Greater Europe’s will be 9.5% and the America’s will be 8.5%.M
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Table S3. Generic overview regarding fiber categories, polymer blends and their use in different applications. The
table shows some common fiber blends with an emphasis on polymers with hydrolysable links, relative abundancy
(%) of each fiber type and in what application they may be found. The data is synthesized from several different
sources, i.e. industry dialogue and research projects, and only give a simplified overview over the complex textile
material flow. However, the data give a basic understanding of the need for separation technologies enabling high
value textile secondary raw material.

Fiber category Fiber type Common product type
Cellulosic Cotton T-shirts, sweatshirts, bed linen
Regenerated cellulose Viscose T-shirts and tops, carpets
Lyocell T-shirts, bed linen
Synthetic fiber Polyester Workwear, home textile, lining,
shell
Polyamide 6 Technical textile, rainwear,
sunscreens, outdoor (lining, shell)
Polyamide 6,6 Technical applications
Polyurethane Synthetic leather articles and

accessories

Natural fiber Wool Socks, under clothing

Cellulose-based/synthetic blends Cotton/polyester (polycotton) Workwear, health care textile,
bedsheets, sweatshirts

Polyester/elastane (lower elastane | Tops, dresses, trousers

content, 3-15%)
Polyamide/elastane (usually higher | Swimwear, sportswear
elastane content, 10-25%)
Cotton/elastane (lower elastane Denim, t-shirts, sweatshirts
content, 1-5 %)
Viscose/elastane (lower elastane T-shirts, trousers

content)

Viscose/polyamide T-shirts, tops
Wool/polyamide Knitwear, sportswear
Wool/polyamide/elastane Knitwear, sportswear
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Table S4. World fiber demand since 1900. Data adapted from references M2,

Year Total amount of fibers produced [Mt]
1900 4
1910 6
1920 7
1930 8
1940 10
1950 13
1960 20
1970 25
1980 30
1990 41
2000 53
2010 76
2015 88
2020 105
2025 122
2030 140
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Table S5. Some existing methods for separation of complex textile materials and pre-treatment of plastics and
polymers.E!

Technology | Description
Mechanical recycling
Mechanical processing Removal of buttons, zippers and

other macrostructural elements.

Shredding, milling, grinding and
sieving), depending on method for
further processing, to generate
fiber or smaller particles.

Thermomechanical Separation of components based
on difference in melting
temperatures.

Enables compounding and
injection molding.

Chemical
Dissolution Separation and removal of
components that could interfere
with recycling (e.g. adhesives,
dyes).

Chemical
micronization/restructuring by
supercritical fluids to enhance
accessibility of polymer chains.

Depolymerization (e.g. by acid) Generation of shorter polymer
fragments, oligomers and finally
monomers.




Supplementary note on melt filtration

Table S6. Material specifications and experimental setup.

Material Material type Polyamide Amount Additive Washed Drying before Drying Melt Comment
nr. of compounding® | before filtration
Elastane injection
[%0] moldinglal
1 Reference Ultramid® - - - - - - -
8202 HS (PA6
- virgin)
2 Reference Ultramid® - - - - - -
8253 HS (PA6
- virgin)
3 Model system PAG (virgin) 0 - 72h 72h No -
4 Model system PAG (virgin) 5 - 72h 72h No -
5 Model system PAG (virgin) 10 - 72h 72h No -
6 Model system PAG (virgin) 15 - 72h 72h No -
7 Model system PAG (virgin) 5 - - 24 h 72h Yes -
8 Model system PAG (virgin) 10 - - 24 h 72h Yes -
9 Consumer PAG6 (post- 8 - No 24 h 48 h Yes Very
fabric industrial) problematic
during IM[P!
10 Consumer PAG6 (post- 8 - S5timesat | 24h 48 h No Worked
fabric industrial) 40 °C well during
IM
11 Consumer PAG6 (post- 8 - S5timesat | 24h 48 h Yes Worked
fabric industrial) 40 °C well during
IM
12 Consumer PA6 (post- 22 - No 72 h 168 h No -
fabric industrial) (initial
trials after
72h
failed)
13 Reference Ultramid® - - - - - -
A3K BK00464
(PA6.6 -
virgin)
14 Reference Ultramid® - - - - - -
A3K RO1
(PA6.6 -
virgin)
15 Pantyhose PA6.6 10 - No 72h 72h Not Minor
possible issues
during IM
16 Pantyhose PA6.6 10 - No 4h 72 h Not Minor
possible issues
during IM
17 Pantyhose PA6.6 10 - No 4h 4h Not Problematic
possible during IM
18 Pantyhose PA6.6 10 - No 72 h 4h Not Problematic
possible during IM
19 Pantyhose PA6.6 10 0.5% No 24 h 24 h Not Worked
Licomont possible well during
CaVv IM
20 Pantyhose PA6.6 10 0.1% No 24 h 24 h Not Worked
Addworks possible well during
IM

@l Drying temperature 80 °C. [Pl IM = injection molding.
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Table S7. Mechanical properties of the different test bars generated (conditions from Table S6).

Material nr. Elastic modulus Stress at yield Strain at Stress at break Strain at break Impact Density
[MPa] [MPa] yield [%)] [MPa] [%] resistance, [g/cm3]
Charpy [kJ/m?]
Method 1ISO 527-2 ISO 527-2 ISO 527-2 1ISO 527-2 1ISO 527-2 ISO 179 ISO 1183-A
1 2700 78 4 - 25 35 1.13
2 2300 60 4 - 40 18 1.09
3 2631+84 77.9£3.1 4.6+0.7 65.9+15.7 16.5+17.6 - 1.13
4 2586153 72.3+0.2 5.5+0.1 65.5+2.5 23.1+6.1 - 1.12
5 2361451 65.0+0.3 5.1+0.1 57.5+0.6 25.3+1.2 - 1.12
6 2233%70 58.7+0.2 4.8+0.1 51.5+1.7 17.3+3.4 - 111
7 269544 62.7+0.9 3.9+0.1 49.9+9.8 20.3+9.8 4.8+0.1 1.12
8 2562+31 57.2+0.5 3.7+0.0 37.3+13.2 44.0+19.8 5.2+0.3 1.12
9 3015+148 - - 48.8+8.4 2.1+0.9 -
10 3140+94 75.4+0.4 3.8£0.1 56.8+1.2 13.5+0.2 - -
11 3120482 - - 52.9+19.8 2.0+1.0 - -
12 2157+41 49.8+0.2 3.9£0.0 39.2+3.9 22.6%5.6 - -
13 3600 87 4.2 - - 5 1.13
14 3000 85 5 - 20 5 1.14
15
2912457 - - 44.0+4.4 1.6+0.2 2.1+0.6 1.13
10 2913+83 - - 37.8+1.6 1.440.1 2.2+0.6 1.14
Y 3030439 - - 42.2+4.2 1.6+0.2 1.4+0.1 -
8 3207+96 - - 32.7+3.5 1.1+0.1 2.1+0.6 -
0 3203+115 - - 45.3+9.1 1.5+0.4 2.5+0.6 -
2 3164+73 - - 45.9+10.0 1.6+0.4 2.6+0.4 -

Brief summary of results obtained:

Comparing material 10-12 (Table S6), the importance of washing to remove processing aids is seen. The washed
and unfiltered material shows significantly improved mechanical properties than the other two (Table S7), while
both materials that had undergone washing had superior processing properties during injection molding.

As seen in Table S6 and S7, comparing properties for materials nr. 15-18, drying before injection molding seems
more important than before compounding (both regarding mechanical properties of test bars obtained and process
properties during injection molding). By adding additives (Table S6, bottom), the material properties improved
greatly during the injection molding process, while the mechanical properties showed a slight improvement (Table

S7).

Comparing to the respective virgin PA-grades, the washed and unfiltered consumer fabric (nr. 10) and the two
pantyhose materials with additives (nr. 19 and 20) shows promising properties, both in terms of mechanical
properties of test bars and processability.

Supplementary note on rotor spinning

The following results were obtained:

o 78 % PAG6.6 — 22 % Elastane: The material disappeared in the textile tearing machine

e 93 % PA6 — 7 % Elastane: Too high abundancy of contaminants including elastane to be able to rotor
spin (twisted threads from other fabrics and elastane, very short fibers)

e 94 % PA6.6 — 6 % Elastane: The fibers were too long
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95 % PAG6.6 — 5 % Elastane: The fibers were long, but a short thread could be rotor spun. During the
rotor spinning process one could see that part of the elastane was separated.
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Table S8. Physiochemical properties of synthetic textile fibers shown in Figure 1, inherent reactivity of relevant chemical bonds
and their susceptibility to enzymatic degradation (given as % conversion of polymer s and/or as rate-constants calculated from
published experimental data). Experimentally determined bond dissociation energies and half-life of uncatalyzed hydrolysis of
the scissile bond reflects monomeric/oligomeric substrate.

Fiber Tg Scissile bond!@ Available RatelP! Referenc-
component () biocatalysts/ es
Biotechnological
system
Carbon-carbon bonds
Phanerochaete
chrysosporium
Polypropyl- -20 to /M 89 Laccase, _
ene 0 - Engyodontium 1069 sl | 86
album Laccase,
Pseudomonas sp.
Alkane hydroxylase
Azotobacter
beijerinckii
Hydroquinone
Polystyrene 95 M peroxidase, 105% stlel | [
7 Mealworms
n (Tenebrio molitor,
Tenebrio obscurus)
Carbamates
O O
O)J\N/RlN)J\O/R2
-51to H H
Polyurethane 57 n Fungal/bacterial 105% s*9, | 9] 20]
8 ty= 1.83 000 years polyurethanases (0.01 sty
(breaking of ester bond and
formation of isocyanate)
Ureas
] j\ge
Urea HoN NH» Ureases 3500 st (11
t;2 = 1800 years
Polyamides
£3 ! 0 Agromyces sp. 1041 10
Polyamide (nylon - 99 Nylon hydrolase, Mop sl
6), R Bjerkandera. adusta _ [13] 124]
(Nylon) 57 (0.06 st 1)
(nylon n Manganese
6,6)*2 t,;, = 400 years peroxidase
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Polyesters

102 9% st
0 0 0.1s?
100 :
PETases, (0.004 s 1
Polyester 5 (o) (0) _ L (16]
(PET) 75 1191 Cutinases/poly- Y],
n | esterases 4 s1(0.02
tyo = 4 years sl
Polysaccharides
1039% st
-2 -1
OH 1029% st
200- 0 OH (correspond
MOHO O‘} Glycoside _ (18]
Cotton 250 OH 85 (6] n ingto 0.1 s
HO hydrolases [19],[16h, 20]
[17],[0] l)([q]
ty, = 5*10°
b years (Pre-treated
cellulose,
32sh

[al Scissile bond high-lighted in red with bond dissociation energy?! given in kcal/mol. For cotton, the bond
dissociation energy is represented by a glycosidic ether bond due to lack of experimental data. Experimental data
for carbamates was not available as well. Half-life of uncatalyzed hydrolysis reactions are given at 25 °C for the
relevant scissile bond 22 (excluding polyolefins for which hydrolysis mechanisms do not operate). I Given as
conversion of polymeric substrate to monomers or metabolized products. Rate constants are given within brackets,
where accessible from experimental data. See Materials and methods for details. [ Depending on the tacticity. [
Data for composting of polyethylene at 37 °C. [¥! Consumption at 25 °C analyzed by weight loss, depolymerization
in insect gut demonstrated. 1 Depending on the chain extender units. 9 When using polyester polyurethane as a
sole carbon source to sustain fungal growth (at 25 °C). [ Data for purified protein at room temperature. [l Data for
monomeric urea and utilizing purified protein at 37 °C. Il Data for degradation of powdered nylon 6,6 using purified
nylon hydrolase (data given at 60 °C). M Data for degradation of Nylon 6 fibers by B. adusta at 30 °C.
Depolymerization of amorphous nanoparticles at 37 °C. ™l For depolymerization of low-crystalline PET catalyzed
by H. insolens cutinase at 70 °C. Activity for PET with 35% crystallinity were two-orders of magnitude lower and
given within brackets. [ Kinetic data for semi-crystalline PET depolymerized by an engineered variant of 1.
sakaiensis PETase at 37 °C.[*6" Corresponding data for high-crystalline PET is given in brackets (at a temperature
of 40 °C). [°l Depending on the actual cellulose-based polymer, its composition in terms of crystallinity index and
degree of polymerization. P! Data for degradation of northern bleached softwood Kraft cellulose fibers given at
50 °C. 9 Data for degradation of crystalline B-chitin at 37 °C.

Supplementary Note on Enzymatic conversions

It is interesting to note that conversion of more resilient polymers, including polyolefins and polyamides, converge
to polymer conversions of around 10-4-10-% % s, independent of the system under study (Table S8). There is no
clear relationship between bond dissociation energies and half-life associated with uncatalyzed hydrolysis of the
relevant bond type; a fact which is perhaps well illustrated by the aromatic ester bond (Table S8).
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Figure S1. World fiber demand since 1900 and future prognosis under a business as usual scenario. Data adapted
from references 112 and based on information provided by industrial partners. The dotted line corresponds to fitting
of the data to an exponential function using non-linear regression, in order to calculate total production volumes by
integration. y = 1.6295*10-22*g0.02710% R2 = 0,9944,
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Data collection and Survey

Questions were exposed via a Google survey to Nordic textile brands via the Swedish Chemicals Group at RISET.
The number of answers were about 20 and an overview of the questionnaire including a summary of the answers

is presented below.

Question

Summary of answers

"Do you use any fiber blends with elastane content?"

75% of incoming answers was yes

"If yes, what kind of mix (e.g. polyester with
elastane)?"

Polyester, PA, Wool, Cotton

“And in what percentage of elastane?”

The range of percentage of elastane according to
the questionnaire is between 2-30%. The higher
end of the range of elastane (approx. 20%) content
is used in polyamide fabrics, for example swim
wear. In the lower range it was stated that
polyester-elastane mixtures were most common.

“Do you source any recycled material?"

All incoming answers was yes

"What type of recycled fibers do you source?"

Both pre- and post- consumer waste. Mainly food
packaging material (e.g. PET bottles)

“Are the materials certified?”

All incoming answers was yes:
By GRS or U TRUST certificate (REPREVE)

“Do you recycle any production waste, i.e., pre
consumer?",

60% of the incoming answers was yes

"If yes, what material?”

Cotton, in one case PA

T https://iwww.ri.se/en/what-we-do/networks/chemicals-group
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